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Abstractor EP1 396630 

The invention relates to a fuel injection valve (13) 
driving method by means of a fuel supply 
pressure detector (21) involves various types of 
delay including a response lag of the fuel supply 
pressure detector (21). a lag produced by a noise 
filter of a signal processing circuit, and a lag 
produced by a software filter provided in an 
arithmetic unit. These delay factors produce a lag 
in increasing the value of current supplied to the 
fuel injection valve (13) despite the fact that an 
actual fuel supply pressure is already high. Then, 
no attractive force for overcoming the fuel supply 
pressure is generated in the fuel injection valve 
(13), so that a condition arises in which fuel is not 
injected due to the fuel injection valve (13) not 
being opened. <??>An overexciting current (33a) 
and a holding current (34a) supplied to the fuel 
injection vale (13) in accordance with a target fuel 
supply pressure as obtained from an operating 
condition are controlled, thereby controlling the 
opening and holding of the open position of the 
fuel injection valve (13). 
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(54) Fuel injection system and control method 

(57) The invention relates to a fuel injection valve 
(13) driving method by means of a fuel supply pressure 
detector (21) involves various types of delay including 
a response lag of the fuel supply pressure detector (21 ). 
a lag produced by a noise filter of a signal processing 
circuit, and a lag produced by a software filter provided 
in an arithmetic unit. These delay factors produce a lag 
in increasing the value of current supplied to the fuel 
injection valve (13) despite the fact that an actual fuel 
supply pressure is already high. Then, no attractive 
force for overcoming the fuel supply pressure is gener- 
ated in the fuel injection valve (13), so that a condition 
arises in which fuel is not injected due to the fuel injec- 
tion valve (13) not being opened. 

An overexciting current (33a) and a holding current 
(34a) supplied to the fuel injection vale (13) in accord- 
ance with a target fuel supply pressure as obtained from 
an operating condition are controlled, thereby control- 
ling the opening and holding of the open position of the 
fuel injection valve (13). 
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Description 

BACKGROUD OF THE INVENTION 

[0001 ] The present invention relates to a fuel injection s 
system and a fuel injection valve driving method. 
[0002] An overexciting cunrent and a holding current 
for driving a fuel injection valve have conventionally 
been set to fixed values. Because of a need for a reduc- 
tion In exhaust emissions, however, there are now re- io 
quirements for expanding a dynamic range of fuel injec- 
tion amount control and for an extremely small amount 
of fuel Injection. To meet these requirements, there is 
known a method as disclosed, for example. In Japanese 
Patent Laid-open No. Hel 6-241137, in which the over- is 
exciting current and the holding current supplied to the 
fuel injection valve are varied in accordance with a fuel 
supply pressure detected by a fuel supply pressure de- 
tector. 

[0003] The fuel injection valve driving method by 20 
means of the fuel supply pressure detector, however, 
involves various types of delay including a response lag 
of the fuel supply pressure detector, a lag produced by 
a noise filter of a signal processing circuit, and a lag pro- 
duced by a software filter provided in an arithmetic unit. 25 
More specifically, because of these delay factors in- 
volved, a lag is generated in detection of the fuel supply 
pressure despite the fact that the fuel supply pressure 
is, In reality, already high. As a result, a lag is produced 
In Increasing the value of current supplied to the fuel 30 
injection valve. Then, no attractive force for overcoming 
the fuel supply pressure is generated in the fuel Injection 
valve. That Is, a condition arises. In which fuel Is not in- 
jected because of the fuel Injection valve not being 
opened. 35 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a system that properly opens a fuel injection 40 
valve while keeping minimum a detection lag of fuel sup- 
ply pressure and a method thereof. 
[0005] To achieve the foregoing object, an arrange- 
ment is provided according to the present invention that 
can control a fuel pressurizing unit so that a target fuel "^s 
supply pressure as calculated from an engine operating 
condition becomes a supply pressure of the fuel. The 
arrangement can further comprise a fuel Injection valve 
that opens when an overexciting current is supplied 
thereto. The fuel injection valve can keep the open po- so 
sition when a holding current is supplied thereto. Fur- 
ther, the fuel can be supplied to the fuel injection valve 
by varying the overexciting current and the holding cur- 
rent in accordance with the target fuel supply pressure. 
[0006] Further, the arrangement according to the ss 
present invention comprises a fuel injection system, 
which can be provided with a fuel pressurizing unit, a 
fuel supply pressure monitoring unit, an operating con- 



dition detecting unit, a control device for calculating a 
target fuel supply pressure and for controlling said fuel 
pressurizing unit, and/or a fuel injection valve. The fuel 
supply pressure monitoring unit can detect a fuel supply 
pressure. The control device can calculate a target fuel 
supply pressure based on the operation condition, de- 
tected by the operation condition detecting unit and can 
control the fuel pressurizing unit to bring the fuel supply 
pressure to the target fuel supply pressure. The fuel can 
be supplied to and injected to the fuel injection valve. 
[0007] According to another aspect of the present in- 
vention, there may be executed a fuel injection control 
method for controlling a pressurization of fuel which can 
comprise the steps of detecting a supply pressure of a 
fuel, detecting an engine operating condition, calculat- 
ing a target fuel supply pressure based on the detected 
operating condition and/or bringing said fuel supply 
pressure to said target fuel supply pressure. 
Further, varying an overexciting current and/or a holding 
current, supplied to the fuel injection valve, in accord- 
ance with the target fuel supply pressure can be execut- 
ed. 

Further, opening of said fuel injection valve can be ex- 
ecuted when said overexciting current is supplied there- 
to. 

[0008] Further, supplying of fuel having said target fu- 
el supply pressure to said fuel injection valve can be ex- 
ecuted. Further, injecting of said fuel can be executed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a diagram showing a system configuration 
according to the present invention. 
Fig. 2 is a control block diagram showing the 
present invention. 

Fig. 3 is a diagram showing a circuit configuration 
according to the present invention. 
Fig. 4 is a diagram showing a typical relationship 
between a target fuel supply pressure and an over- 
exciting current value. 

Fig. 5 is a diagram showing a typical relationship 
between the target fuel supply pressure and an 
overexciting time. 

Fig. 6 is a diagram showing a typical relationship 
between the target fuel supply pressure and a hold- 
ing current selecting time. 
Fig. 7 is a diagram showing a typical relationship 
between the target fuel supply pressure and a hold- 
ing current. 

Fig. 8 is a diagram showing typical waveforms of a 
current when the overexciting current and the hold- 
ing current are varied according to the target fuel 
supply pressure. 

Fig. 9 is a diagram showing typical waveforms of a 
current when the overexciting time Is varied accord- 
ing to the target fuel supply pressure. 
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Fig. 10 is a diagram showing typical waveforms of 
a current when the overexciting time expires when 
the holding current is reached, as against the case 
shown in Fig. 9. 

Fig. 11 is a diagram showing typical waveforms of 
a current when the holding current selecting time is 
varied according to the target fuel supply pressure. 

DESCRIPTION OF THE PREFFERED 
EMBODIMENTS 

[0010] Preferred embodiments of the present inven- 
tion will be explained with reference to the accompany- 
ing drawings. 

[0011] A feature of the present invention does not lie 
in a mode of controlling an overexciting current and a 
holding current supplied to a fuel injection valve in ac- 
cordance with a detected supply pressure of the fuel 
supplied. In contrast, one of the characteristics of the 
present invention lies in a mode in which, to control a 
fuel control unit so as to bring a target fuel supply pres- 
sure calculated based on operating conditions of an en- 
gine to a fuel supply pressure, the overexciting current 
for opening a fuel injection valve and the holding current 
for keeping its open position, which are supplied to the 
fuel injection valve, are varied in accordance with the 
target fuel supply pressure, and thus, fuel is supplied to 
the fuel injection valve for injection. 
[001 2] To achieve the foregoing, the arrangement ac- 
cording to the present invention is provided with the fol- 
lowing components. The components include: a fuel 
pressurizing unit (a flow control valve 27 and a high- 
pressure fuel pump 29) that pressurizes fuel; a fuel sup- 
ply pressure monitoring unit (a fuel pressure sensor 21 ) 
that detects a supply pressure of the fuel; an operating 
condition detecting unit (an accelerator sensor 9 and a 
crank angle sensor 16) that detects an operating condi- 
tion of an engine; a control device (a control unit 1 5) that 
calculates a target fuel supply pressure based on the 
detected operating condition and controls the fuel pres- 
surizing unit so as to bring the supply pressure to the 
target fuel supply pressure; and a fuel injection valve 1 3 
that opens when an overexciting current is supplied 
thereto and keeps the open position while a holding cur- 
rent is supplied thereto. An overexciting current 33a and 
a holding current 34a supplied to the fuel injection valve 
are varied according to the target fuel supply pressure, 
thereby ensuring that fuel, the pressure of which has 
been controlled to the target fuel supply pressure, is 
supplied to and injected through the fuel injection valve. 
[001 3] Fig. 1 shows a system configuration according 
to the present invention. Air to be sucked in by an engine 
1 is taken in through an intake 4 of an air cleaner 3 and 
passes through a throttle valve device 7 equipped with 
a throttle valve 6 to control the amount of intake air. The 
air then flows into a collector 8. The throttle valve 6. 
which is coupled with a motor 10 through a reduction 
gear, is operated by driving the motor 10. Operating the 



throttle valve 6 controls the amount of intake air. The 
intake air in the collector 8 is distributed to each intake 
air pipe 19 connected to each cylinder 2 of the engine 
1 , thus being introduced into the cylinder 2. 

5 [0014] Gasoline or other fuel is sucked in from a fuel 
tank 11 and pressurized by a low-pressure fuel pump 
28. A high-pressure fuel pump 29 mounted on a cam- 
shaft and a flow control valve 27 for controlling the 
amount of fuel supplied thereto woric together to pres- 
to surize the fuel to a high pressure. In order to prevent 
excessive pressurization of fuel, a return valve 1 4 is also 
provided to return a part of fuel to the fuel tank if the fuel 
is pressurized higher than a predetemnined level. The 
pressure of fuel supplied to the fuel injection valve 1 3 is 

^5 controlled to any desired value by using a signal detect- 
ed with a fuel pressure sensor 21 located between the 
high-pressure fuel pump 29 and the fuel injection valve 
1 3, and the flow control valve 27 controlled by the control 
unit 1 5. Thus the fuel with which the pressure is control- 

20 led is injected through the fuel injection valve 1 3 opening 
the fuel injection port to each cylinder 2. An air flow me- 
ter 5 outputs a signal indicating the amount of intake air. 
This signal is supplied to the control unit 15. Based on 
the signal, the control unit 15 controls the fuel injection 

25 valve to inject the fuel matched the amount of intake air. 
[0015] The throttle valve device 7 is equipped with a 
throttle sensor 1 8 that detects the opening of the throttle 
valve 6. The output of the throttle sensor 18 is also sup- 
plied to the control unit 15. 

30 [0016] A crank angle sensor 1 6 is driven with the rev- 
olution of a camshaft 22 and outputs a signal indicating 
the rotating position of a crankshaft. This signal is also 
supplied to the control unit 15. 
[0017] An A/F (air-fuel ratio) sensor 20, mounted on 

35 an exhaust pipe 23, detects an actual air-fuel ratio based 
on components of exhaust emissions and produces a 
corresponding output signal. This signal is also provided 
for the control unit 15. 

[0018] An accelerator sensor 9 provided integrally 

"^0 with the throttle valve device 7 is coupled to an acceler- 
ator pedal 12. The accelerator sensor 9 detects the op- 
erating amount of the accelerator pedal 12 operated by 
a driver. The sensor then produces a signal correspond- 
ing to the operating amount of the accelerator pedal and 

^5 supplies the signal to the control unit 1 5. The control unit 
1 5 is equipped with a processing unit (CPU) 24. Receiv- 
ing signals from the various sensors for detecting engine 
operating conditions, including the crank angle signal 
and the accelerator opening signal, the CPU 24 exe- 

50 cutes required calculations and provides the fuel injec- 
tion valve 13, an ignition coil 17, and the motor 10 for 
operating the throttle valve with required control signals. 
The CPU thereby executes a fuel supply control, an ig- 
nition timing control, and an intake air control. 

55 [001 9] An ignition switch 26 is located between a pow- 
er source (battery) 25 and the control unit 15, 
[0020] Fig, 2 shows a control block diagram according 
to the present invention. 
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[0021] Flow of calculations performed by the control 
unit 1 5 or the CPU 24 is shown in a control block 50. An 
engine load calculation 61 is first perfonned to find an 
engine load based on an accelerator pedal opening 51 
obtained through the accelerator sensor and an engine 
speed 52 obtained through the crank angle sensor 
Based on the engine load obtained through the forego- 
ing procedure and the engine speed 52, a target fuel 
supply pressure calculation 62 is perfonned to obtain a 
target fuel supply pressure. A comparison 63 is made 
between an actual fuel supply pressure 53 obtained 
from the fuel pressure sensor and the target fuel supply 
pressure. Amplification 64 Is then made of a difference 
between these two values. A fuel flow rate pulse width 
calculation 65 is then performed to find a flow rate pulse 
based on the amplified value, the engine speed 52, and 
a power source voltage 54. The flow rate pulse is next 
supplied to a fuel flow control valve driving circuit 70 to 
drive the flow control valve. 

[0022] Using the target fuel supply pressure obtained 
through the foregoing procedure, a fuel injection valve 
driving current calculation 66 is performed to obtain a 
driving current for the fuel injection valve. Then, the ob- 
tained driving current is supplied to a fuel injection valve 
current control circuit 41 to control the driving current for 
the fuel injection valve, 

[0023] Fig. 3 shows a block diagram of a driving circuit 
for the fuel injection valve 13 in the control unit 15, 
[0024] A control circuit 31 is for the fuel injection valve 
13, being composed of a group of the following circuits. 
A voltage step-up (booster) circuit 32 is used to create 
a voltage greater than the battery voltage 26a. The fuel 
injection valve 13 injects fuel directly into the cylinder 2 
as described earlier. Because of this, a spring for return- 
ing a plunger (movable core with the valve body) in the 
fuel injection valve 13 Is given a powerful tension and 
the fuel supply pressure is extremely high. As a large 
magnetic force is therefore required to open the fuel in- 
jection valve 1 3, an ordinary current supply from the bat- 
tery voltage is unable to open the fuel injection valve 13. 
Hence, the voltage step-up circuit 32 is needed. 
[0025] A switching device 33 controls supply and 
shut-off of the overexciting current 33a to the fuel injec- 
tion valve 13 from a stepped-up voltage 32a generated 
by the voltage step-up circuit 32. 
[0026] A switching device 34 controls supply and cut- 
off of the holding current 34a for holding the opening of 
the fuel Injection valve 1 3 from the battery voltage 26a. 
Since the supply current from the switching device 33 
and the supply current from the switching device 34 is 
wired-OR on a signal line 35a, there is a voltage rela- 
tionship of which the stepped-up voltage 32a is greater 
than the battery voltage 26a on the signal tine 35a. 
Therefore, if any considerations are not made about 
that, it is possibility that the current from stepped-up volt- 
age 32a flows into the battery through the switching de- 
vices 33, 34. To prevent the problem, a current reverse 
flow preventive device 35 Is provided between the signal 



line 35a and the switching device 34. 
[0027] Switching devices 36 and 37 allow current for 
the fuel injection valve 13 to sink (flow) in a ground di- 
rection, each independently provided for each fuel in- 

5 jection valve. 

[0028] The fuel injection valve 1 3 is driven by control- 
ling the current supplied thereto. A current detecting cir- 
cuit 40 for detecting current flowing through the fuel in- 
jection valve 13 is therefore provided. The CPU 24 cal- 

10 culates an overexciting current selecting signal 24c and 
a holding current selecting signal 24d based on the tar- 
get fuel supply pressure. A current control circuit 41 
compares a current value signal 40a detected by the 
current detecting circuit 40 with a current value set in 

IS accordance with the overexciting current selecting sig- 
nal 24c and the holding current selecting signal 24d. A 
control circuit 39 then controls the switching devices 33 
and 34 according to the results of this comparison. 
[0029] A circulating current element 38 circulates cur- 

20 rent flowing through the fuel injection valve 13 back 
thereto after letting the current flow through the following 
elements in this order: switching device 36 (or 37) -> 
current detecting circuit 40 -> ground -» circulating cur- 
rent element 38. 

25 [0030] Fig. 3 shows a configuration, In which the 
switching devices 33 and 34, the current reverse flow 
preventive device 35, the circulating current element 38, 
and the current detecting circuit 40 are provided for each 
of the fuel injection valves 1 3 corresponding to cylin- 

30 ders. In actual applications, it is possible to provide the 
switching devices 33 and 34, the current reverse flow 
preventive device 35, the circulating current element 38, 
and the current detecting circuit 40 independently for 
each of the fuel injection valves 1 3. 

35 [0031 ] The control circuit 39 controls the switching de- 
vices 33, 34, 36, and 37. 

[0032] The CPU 24 outputs fuel injection pulse sig- 
nals 24a and 24b based on a fuel injection pulse width 
calculated therein and supplies the output to the control 

40 circuit 39. 

[0033] There are two methods available for controlling 
the overexciting current 33a for opening the fuel injec- 
tion valve. One is to control the value of the overexciting 
current 33a by directly monitoring the current value. The 

45 other is to control the turn-on time of the overexciting 
current. In case of controlling the turn-on time of the 
overexciting current, a pulse signal 24g for the overex- 
citing is used. 

[0034] Fig. 4 shows a typical relationship between the 
50 target fuel supply pressure and the overexciting current 
value. When the target fuel supply pressure becomes 
P2 or higher, the overexciting current is set to Ih2- When 
the target fuel supply pressure becomes P-i or lower, the 
overexciting current is set to 1^1 . As is known from Fig. 
55 4, there is provided a hysteresis of Pg - P-t for the target 
fuel supply pressure to prevent the overexciting current 
from frequently alternating between 1^1 and Ih2- 
[0035] In the same manner as In Fig. 4, Fig. 5 shows 
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a typical relationship between the target fuel supply 
pressure and the overexclting time (the turn-on time of 
the overexciting current). 

[0036] The holding current 34a is controlled for keep- 
ing the fuel Injection valve In the open position after over- 
exciting was performed. As the control method of the 
holding current 34a, for example, two kinds of the hold- 
ing current 34a is set up, and the time for selecting either 
of these two current values is controlled. 
[0037] Fig. 6 shows a typical relationship between the 
target fuel supply pressure and the time period of the 
holding current. 

[0038] Fig. 7 shows a typical relationship between the 
target fuel supply pressure and the holding current val- 
ues. 

[0039] Fig. 8 shows waveforms of a cunrent for driving 
the fuel injection valve when relationships of Figs. 4 and 
7 are used in combination with each other. The current 
waveforms shown in Fig. 8 represent a condition in case 
where P^. Pg. Py, and Pq, which are the target fuel sup- 
ply pressure points for selecting either of the overexclt- 
ing current values or for selecting either of the holding 
current values or for selecting either of the holding cur- 
rent values, are P^ = Pj and P2 = Pg. The diagram shown 
in Fig. 8 will be explained together with operations of the 
circuit shown in Fig.3. The CPU 24 sets the overexclting 
current value and the holding current value obtained 
from the target fuel supply pressure In the current control 
circuit 41 by using the overexciting current selecting sig- 
nal 24c and the holding current selecting signal 24d, re- 
spectively. The current control circuit sets an overexcit- 
ing current value l^-i and slice levels Ij^lv IthHi so as to 
allow an average holding current value to become II^. 
The fuel Injection pulse signal 24a from the CPU 24 is 
used to turn ON the switching device 33 on a voltage 
step-up side, thereby applying the stepped-up voltage 
32a to the fuel Injection valve 13. At the same time, the 
switching device 36 on a downstream side is also turned 
ON. During this time, the current detecting circuit 40 
monitors a current flowing through the fuel Injection 
valve 13. When the current 13a reaches Ihi, the switch- 
ing device 33 on the voltage step-up side Is turned OFF. 
The current 13a flowing through the fuel Injection valve 
1 3 Is circulated through a path of the fuel injection valve 
13 ^ the switching device 36 on the downstream side 

the current detecting circuit 40 the circulating de- 
vice 38 until the current 1 3a Is decreased to Ij^tr When 
the current 13a is decreased to It^Li. the switching de- 
vice 34 on a battery side is turned ON to apply the bat- 
tery voltage 26a to the fuel Injection valve 1 3. When the 
current 13a Is Increased to l^hHi. the switching device 
34 on the battery side is turned OFF. The current 13a is 
then circulated through a path of the fuel Injection valve 
13 -> the switching device 36 on the downstream side 

the current detecting circuit 40 -> the circulating de- 
vice 38 until the current 13a is decreased to It^Lv The 
switching device 34 on the battery side is thereafter re- 
peatedly turned OFF and ON in the same manner so as 



to bring the average current to II^ In synchronism with 
the fuel injection pulse signal 24a tuming OFF, the 
switching devices 33 and 34 on the upstream side and 
the switching device 36 on the downstream side are 

5 turned OFF to shut down the supply of current to the fuel 
injection valve 13. The foregoing description is con- 
cemed with the operation of the switching device 36 on 
the downstream side. It goes without saying that the 
same operation applies to the switching device 37. Like- 

10 wise, the foregoing description is concemed with the op- 
eration of 1^1 and II^, and the explanation of the opera- 
tion of 1^2 and l|_2. which is the same as that of Ihi and 
I|^^, will be omitted. 

[0040] Fig. 9 shows waveforms of a current for driving 
15 the fuel injection valve when the overexciting time of Fig. 
5 is used. 

[0041] In the example shown In Fig. 9, the fuel injec- 
tion valve 1 3 is driven in accordance with the overexcit- 
ing time as obtained from the target fuel supply pres- 

20 sure. The diagram shown in Fig. 9 will be explained to- 
gether with operations of the circuit shown in Fig. 3. The 
CPU 24 outputs an overexciting pulse signal 24g of an 
overexclting time T^ as obtained from the target fuel 
supply pressure to the current control circuit. Slice levels 
'thL hhH that allow the average holding current value 
to become l|^ have previously been set In the current 
control circuit. While a logical product of the fuel Injec- 
tion pulse signal 24a from the CPU 24 and the overex- 
clting pulse Is materialized, the switching device 33 on 

30 the voltage step-up side Is turned ON to apply the 
stepped-up voltage 32a to the fuel Injection valve 13. At 
the same time, the switching device 36 on the down- 
stream side is also turned ON. When the logical product 
Is not materialized after the lapse of the overexclting 

35 time Thi, the switching device 33 on the voltage step- 
up side is turned OFF. The current detecting circuit 40 
monitors the current 13a that flows through the fuel in- 
jection valve 13. The current 13a is circulated through 
a path of the fuel injection valve 1 3 the switching de- 

^0 vice 36 on the downstream side the current detecting 
circuit 40 the circulating current device 38 until the 
current 13a is decreased to I^^l- When the current 13a 
Is decreased to l^hL. the switching device 34 on the bat- 
tery side Is turned ON to apply the power source voltage 

45 26a to the fuel injection valve 13. The subsequent op- 
erations, which follow the same procedure as explained 
for Fig. 8, will be omitted. 

[0042] Fig. 1 0 shows, as with Fig. 9. wavefomfis of a 
current for driving the fuel injection valve when Fig. 5 

50 cited earlier Is used. 

[0043] B In the example shown Fig 10. the time until 
the current changes to the holding current after the fuel 
injection valve was energized is assumed as the time 
period of the overexciting time. The diagram shown in 

55 Fig. 1 0 will be explained together with operations of the 
circuit shown in Fig. 2. The CPU 24 outputs of the over- 
exclting pulse signal 24g of the overexciting time T^i as 
obtained from the target fuel supply pressure to the cur- 
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rentxontrol circuit 41. An overexciting current 1^ and 
slice levels I^^l .IthH ^^^^ ^'^^^ average holding cur- 
rent value to become l|, have previously been.set in the 
current control circuit 41 . The switching device 33 on the 
voltage step-up side is turned ON by the fuel injection s 
pulse signal 24a from the CPU 24. In addition, while a 
logical product of the fuel injection pulse signal 24a and 
the overexciting pulse signal 24g is materialized, the 
switching device 34 on the battery side is also turned 
ON. Though both the switching device 33 on the voltage io 
step-up side and the switching device 34 on the battery 
side are ON at this time, the stepped-up voltage 32a is 
energized to the fuel injection valve 13 because of the 
relationship that the stepped-up voltage 32a is greater 
than the battery voltage 26a. At the same time, the ^5 
switching device 36 on the downstream side is also 
turned ON. During this period, the current detecting cir- 
cuit 40 monitors the current 13a that flows through the 
fuel injection valve 1 3. When the current value increases 
to Ih, the switching device 33 on the voltage step-up side 20 
is turned OFF. Since the logical product still remains true 
at this time, the switching device 34 on the battery side 
keeps ON. At this time, the current 1 3a flowing through 
the fuel injection valve 13 decreases slowly, while being 
circulated through a path of the fuel injection valve 13 25 

the switching device 36 on the downstream side 
the current detecting circuit 40 the circulating device 
38. When the logical product changes into non-materi- 
alization after the lapse of the overexciting time T^i, 
both the switching device 34 on the battery side and the 3o 
switching device 36 on the downstream side are turned 
OFF, thus shutting off the current 13a flowing through 
the fuel injection valve 13. If the current 13a is sharply 
decreased down to fj^L at this time, both the switching 
device 34 on the battery side and the switching device 35 
36 on the downstream side are turned ON again to apply 
the battery voltage 26a to the fuel injection valve 13. 
When the current 13a increases to Ij^h, the switching 
device 34 on the battery side is turned OFF. The subse- 
quent operations, which follow the same procedure as ^0 
explained for Fig. 8, will be omitted. 
[0044] Fig. 1 1 shows waveforms of a current for driv- 
ing the fuel injection valve when Fig. 6 cited earlier is 
used. 

[0045] In the example shown in Fig. 11, the holding 45 
current is varied in two steps and the applicable holding 
current is selected according to a holding current select- 
ing time as obtained from the target fuel supply pres- 
sure. The diagram shown in Fig. 11 will be explained 
together with operations of the circuit shown in Fig. 3. 50 
An output of a holding current selecting pulse signal 24d 
of a holding current selecting time Tl as obtained from 
the target fuel supply pressure by the CPU 24 is provid- 
ed for the current control circuit. The overexciting cur- 
rent Ih, slice levels I^^li and I^^hi that allow a first aver- ss 
age holding current value to become a holding current 
value Ili , and slice levels I^^La and lthH2 that allow a sec- 
ond average holding current value to become a holding 



cun-ent value Il2 have previously been set in the current 
control circuit. The switching device 33 on the voltage 
step-up side is turned ON by the fuel injection pulse sig- 
nal 24a from the CPU 24, thereby applying the stepped- 
up voltage 32a to the fuel injection valve 1 3. At the same 
time, the switching device 36 on the downstream side 
is also turned ON. During this period, the current detect- 
ing circuit 40 monitors the current 1 3a that flows through 
the fuel injection valve 13. When the current value in- 
creases to Ih, the switching device 33 on the voltage 
step-up side is turned OFF. The current 13a is circulated 
through a path of the fuel injection valve 13 the 
switching device 36 on the downstream side -> the cur- 
rent detecting circuit 40 the circulating current device 
38 until the current 13a is decreased to I^^lv When the 
current 13a Is decreased to It^Lv the switching device 
34 on the battery side is turned ON to apply the battery 
voltage 26a to the fuel injection valve 1 3. When the cur- 
rent 13a increases to I^^hi' the switching device 34 on 
the battery side is turned OFF. These switching opera- 
tions are carried out as long as the logical product of the 
fuel injection pulse signal 24a and the holding current 
selecting pulse signal 24d remains true. When the log- 
ical product is not true after the lapse of the holding cur- 
rent selecting time Tl, the switching device 34 on the 
battery side is turned OFF. Then, the current 13a is cir- 
culated through a path of the fuel injection valve 1 3 the 
switching device 36 on the downstream side -> the cur- 
rent detecting circuit 40 the circulating device 38 until 
the current 1 3a decreases to \^^[^. When the current 1 3a 
decreases to lthL2» the switching device 34 on the battery 
side is turned ON again to apply the battery voltage 26a 
to the fuel injection valve 13. When the current 13a in- 
creases to lthH2' the switching device 34 on the battery 
side is turned OFF. The subsequent operations, which 
follow the same procedure as explained for Fig. 8, will 
be omitted. 

[0046] A number of patterns are conceivable for the 
combination of control of overexciting and holding and 
no more will be described. It is nonetheless important 
that an optimum combination of overexciting and hold- 
ing control be selected In consideration of characteris- 
tics of the fuel injection valve 1 3, the dynamic range of 
the amount of fuel injection, operating conditions, and 
the like. 

[0047] According to the preferred embodiments of the 
present invention, it is possible to provide a system and 
a method for opening a fuel injection valve, while keep- 
ing as small as possible a detection lag of a fuel supply 
pressure. 



Claims 

1 . A fuel injection system, comprising: 

a fuel pressurizing unit (27. 29) for pressurizing 
fuel; 
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a fuel supply pressure monitoring unit (21) for 
detecting a supply pressure of said fuel; 
an operating condition detecting unit (9, 16) for 
detecting an operating condition of an engine; 
a control device (1 5) for calculating a target fuel 
supply pressure based on said detected oper- 
ating condition and controlling said fuel pressu- 
rizing unit (27, 29) so as to bring said supply 
pressure to said target fuel supply pressure; 
and 

a fuel injection valve (13) opening when an 
overexciting current (33a) is supplied thereto 
and keeping an open position while holding cur- 
rent (34a) Is supplied thereto, 

wherein the overexciting current (33a) and the 
holding current (34a) supplied to said fuel injection 
valve (13) are varied according to said target fuel 
supply pressure, thereby ensuring that fuel, the 
pressure of which has been controlled to said target 
fuel supply pressure, is supplied to and injected 
through said fuel injection valve (13). 

The fuel injection system according to claim 1, 
wherein an overexciting time for supplying said 
overexciting current (33a) to said fuel injection valve 
(1 3) is set up to be variable. 

The fuel injection system according to claim 1, 
wherein the holding current (34a) supplied to said 
fuel injection valve (13) comprises at least two dif- 
ferent holding current values. 

The fuel injection system according to claim 1 , fur- 
ther comprising a step-up circuit (32) for stepping- 
up a voltage to a level greater than a battery voltage 
(26a), wherein said voltage (32a) stepped-up to a 
level greater than said battery voltage (26a) is ap- 
plied to supply said fuel injection valve ( 1 3) with said 
exciting current. 

The fuel injection system according to claim 1, 
wherein said operating condition includes at least 
engine speed information and the target fuel supply 
pressure is calculated based on said infomiatlon. 

The fuel injection system according to claim 1, 
wherein said operating condition includes at least 
accelerator pedal (12) opening information and the 
target fuel supply pressure is calculated based on 
said information. 

The fuel injection system according to claim 1, 
wherein said operating condition Includes at least 
intake air flow rate information and the target fuel 
supply pressure is calculated based on said infor- 
mation. 



8. A fuel injection control device for controlling a fuel 
pressurizing unit (27, 29) so that a target fuel supply 
pressure calculated based on an engine operating 
condition becomes a supply pressure of fuel, 

5 wherein: 

an overexciting current (33a) and a holding cur- 
rent (34a). which are supplied to a fuel injection 
valve (13) that opens when the overexciting 

^0 current (33a) is supplied thereto and keeps an 

open position while the holding current (34a) is 
supplied thereto, are varied in accordance with 
said target fuel supply pressure, thereby sup- 
plying said fuel to and injecting said fuel 

'5 through said fuel injection valve (13). 

9. The fuel injection control device according to claim 
8, wherein an overexciting time for supplying said 
overexciting current to said fuel injection valve (1 3) 

20 Is set up to be variable. 

10. The fuel injection control device according to claim 
8, wherein the holding current supplied to said fuel 
injection valve (13) comprises at least two different 

25 holding current values. 

11. The fuel injection control device according to claim 
8, further comprising a step-up circuit (32) for step- 
ping-up a voltage to a level greater than a battery 

30 voltage (26a), wherein said voltage (32a) stepped- 
up to a level greater than said battery voltage (26a) 
is applied to supply said fuel injection valve (1 3) with 
said exciting current. 

35 12. The fuel injection control device according to claim 
8, wherein said operating condition Includes at least 
engine speed information and the target fuel supply 
pressure is calculated based on said information. 

40 13. The fuel injection control device according to claim 
8, wherein said operating condition includes at least 
accelerator pedal (12) opening information and the 
target fuel supply pressure is calculated based on 
said information. 

45 



14. The fuel injection control device according to claim 
8. wherein said operating condition includes at least 
intake air flow rate information and the target fuel 
supply pressure Is calculated based on said Infor- 

50 mation. 

15. A fuel injection control method for controlling pres- 
surization of fuel, comprising the steps of: 

55 detecting a supply pressure of fuel; 

detecting an engine operating condition; 
calculating a target fuel supply pressure from 
said detected operating condition; and 
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bringing said supply pressure of fuel to said tar- 
get fuel supply pressure, 

wherein an overexciting current (33a) and a 
holding current (34a) supplied to said fuel injection 
valve (13) are varied in accordance with said target 
fuel supply pressure, said fuel injection valve (13) 
is opened when said overexciting current (33a) Is 
supplied thereto, said fuel injection valve (13) is 
held in an open position while said holding current 
(34a) is supplied thereto, fuel having said target fuel 
supply pressure is supplied to said fuel injection 
valve (13), and said fuel is injected. 
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FIG. 1 
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FIG. 3 
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FIG. 10 
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